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Williams syndrome (WS) is a developmental disorder of genetic origin, with characteristic
cognitive and personality proﬁles. Studies of WS point to an outgoing and gregarious per-
sonality style, often contrasted with autism spectrum disorders; however, recent research
hasuncoveredunderlyingsocialreciprocitydifﬁcultiesinpeoplewithWS.Socialinformation
processing difﬁculties that underlie these social reciprocity difﬁculties have been sparsely
examined. Participants in the current study included 24 children with WS ages 8 through
15.A lab-based measure of social perception and social cognition was administered (Social
AttributionTest), as well as an intellectual functioning measure (KBIT-II) and parent reports
of communication and reciprocal social skills (Social Communication Questionnaire, Social
Responsiveness Scale). Relations between social cognition, cognitive abilities, and social-
communication were examined. Results demonstrated relations between parent-reported
social reciprocity and the typicality of the responses provided in the lab-based measure,
even once variability in intellectual functioning was taken into account. Speciﬁcally, those
individuals who produced narratives in response to the social attribution task (SAT) that
were more similar to those described in previous studies of typically developing individu-
alswerealsoreportedtohavefewersocialreciprocitydifﬁcultiesintherealworldsettingas
reported by parents. In addition, a signiﬁcant improvement in performance on the SAT was
seen with added scaffolding, particularly for participants with stronger intellectual function-
ing.Theseﬁndingsindicatethatdifﬁcultiesinterpretingthesocialdynamicsbetweenothers
in ambiguous situations may contribute to the social relationship difﬁculties observed in
people withWS, aboveand beyondthe roleof intellectualfunctioning. Exploratory analyses
indicated that performance by individuals with stronger intellectual functioning is improved
withadditionalstructuretoagreaterdegreethanforthosewithweakerintellectualfunction-
ing. Interventions that speciﬁcally target these social information processing of individuals
with WS would likely be beneﬁcial.
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INTRODUCTION
Williams syndrome (WS) is a neurodevelopmental disorder of
genetic origin, speciﬁcally resulting from the deletion of approxi-
mately25genesonchromosome7q11.23(Ewartetal.,1993;Hillier
et al., 2003). Individuals with WS typically display a distinctive
cognitive and personality proﬁle. In terms of a cognitive proﬁle,
results of numerous studies have pointed to some degree of devel-
opmentaldelayinthemajorityof patients(UdwinandYule,1991;
Greer et al., 1997; Mervis et al., 2000), with a pattern of relative
strengths and weaknesses, including relatively stronger language,
after a period of early delays,than would be expected given devel-
opmentallevel(MervisandBertrand,1997;MervisandRobinson,
2000)andamarkeddifﬁcultywithvisuospatialconstructiontasks
(MacDonaldandRoy,1988;Wangetal.,1995;Mervisetal.,1999).
The personality proﬁle is characterized by high sociability and
friendliness, as well as high levels of empathy (Dilts et al., 1990;
Tomc et al., 1990; Gosch and Pankau, 1997; Klein-Tasman and
Mervis,2003).Particulargeneshavebeenidentiﬁedasbeinginﬂu-
ential in the development of certain physical and behavioral traits
commonly seen in WS, including connective tissue and cardio-
vascular abnormalities (Ewart et al.,1993),distinctive craniofacial
features (Osborne et al., 1999; Tassabehji et al., 2005), difﬁculties
in visuospatial abilities (Frangiskakis et al., 1996), and lower cog-
nitive abilities (Morris et al., 2003). It should be emphasized that
while a characteristic proﬁle for WS is indicated by the literature,
considerable variability within the cognitive and medical aspects
of the proﬁle alike have been reported (Morris et al.,1988; Udwin
andYule,1991; Greer et al.,1997).
The vast majority of behavioral studies of people with WS
describe a gregarious and socially outgoing personality type yet
social difﬁculties are also characteristically seen (see Mervis and
Klein-Tasman,2000 for a review). Individuals with WS have been
described as being less hesitant to interact with strangers than
other children with developmental delays (Mervis et al., 2003),
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as well as overly friendly and affectionate (Tomc et al., 1990). The
presenceoftheseoverfriendlypersonalitytraitsandtheperception
of preserved social functioning have often led to WS being com-
pared with autism spectrum disorders (ASDs; Rapin and Tuch-
man,2008),asacontrasttotheseverereciprocalsocialimpairment
characteristic of ASD (American Psychiatric Association, 2000).
However, a growing body of research, summarized and discussed
in the following paragraphs, has begun to suggest that social skill
difﬁculties are present in WS, such that comparisons with ASD
may be less than optimal for contributing to advances in the neu-
roscience of social functioning unless a more nuanced approach
is taken. The present study aims to investigate the social cognitive
difﬁculties of individuals with WS (using a lab-based measure of
socialcognition)thatmaycontributetosocio-communicativeand
reciprocal social interaction difﬁculties reported by parents.
Results of studies using parent- or caregiver-completed ques-
tionnaires have revealed difﬁculties in various aspects of social
functioninginWS.Forexample,LawsandBishop(2004)reported
that parents consistently rated their children withWS as perform-
ing worse on measured aspects of relationship building when
compared to healthy children or those with Downs syndrome
(DS) or speciﬁc language impairment (SLI; e.g., inappropriate
initiation of conversation, use of stereotyped conversation). In
a similar study using the same measure,children withWS showed
strongerfunctioningthanthosewithASDs(Philofskyetal.,2007).
In terms of social skills, parents and teachers report that children
with WS typically demonstrate prosocial skill levels (e.g., cooper-
ation, assertion, seeking out interaction) within the low average
range, with more pronounced difﬁculty with various aspects of
social functioning and social cognition apparent (Klein-Tasman
et al., 2011). Studies of older individuals with WS suggest that
socialdifﬁcultiespersistintoadulthood.Generally,adultswithWS
are found to experience trouble making and sustaining relation-
ships despite their tendency to be socially disinhibited and overly
friendly (Udwin,1990;Davies et al.,1998). It seems as if individu-
als with WS are generally interested in making friends and driven
to be socially accepted but lack the understanding of social rules
that would allow for successful relationships. Unfortunately,these
social difﬁculties may become more severe with development and
representthemostconsistentandpervasivedifﬁcultiesseeninWS
(Howlin et al., 1998).
Direct observations of social interactions in individuals with
WS have also revealed difﬁculties. Delays in the use and compre-
hension of pointing gestures have been observed both by parent
report and in structured laboratory settings (Singer Harris et al.,
1997; Laing et al., 2002). Eye gaze differences have also been
reported in WS, including an interest in faces that often inter-
feres with completion of a task presented to the child (Jones et al.,
2000).YoungchildrenwithWSspendmoretimelookingatfacesof
socialpartnersthandotypicallydevelopingchildrenandthequal-
ity of the gaze is often described as“intense”(Mervis et al., 2003).
Preschool aged children with WS have been shown to lack social
regulation. Parents report that they know no stranger, and they
are more willing to approach a stranger than typically developing
children of the same chronological and mental age (Dodd et al.,
2010). Young children with WS are also impaired in joint atten-
tion behaviors,both in terms of initiation of and response to joint
attention bids (Laing et al., 2002). Although young children with
WS appear to be more responsive to displays of emotion in com-
parisontootherchildrenwithdevelopmentaldelays,thisincreased
responsivenessdoesnotnecessarilytranslatetoanadvantageinthe
ability to respond adaptively in ways that are congruent with the
emotionsexpressed(Fidleretal.,2007).Difﬁcultiesininteractions
with others, such as less turn-taking with partners (Lacroix et al.,
2007)andafailuretocompletelyanswerquestionsorprovideclar-
iﬁcations (Stojanovik et al.,2001; Stojanovik,2006),are also often
observed.
Recent studies using a measure speciﬁcally designed to investi-
gate difﬁculties in reciprocal social interaction inASD,theAutism
Diagnostic Observation Schedule (ADOS; Lord et al., 1999), have
contributedtothegrowingunderstandingof socialimpairmentin
WS.UsingtheADOS,Klein-Tasmanetal.(2007)recentlyreported
that approximately half of the children they examined (with
limited language) exhibited abnormalities in the use of various
socialinteractivebehaviors,includingeyegaze,pointingbehaviors,
both initiation and response to joint attention, integration of eye
gazewithcommunicativebehaviors,andreciprocalsocialsmiling.
Abnormalities in play behavior and repetitive and restricted inter-
ests were also apparent in many of these children. Further, when
comparedtochildrenwithdevelopmentaldelaysofmixedetiology
(ME) and children with Pervasive Developmental Disorder-Not
Otherwise Speciﬁed (PDD-NOS), many young children with WS
display a behavioral proﬁle that indicates social difﬁculties above
and beyond what would be expected from developmental delay
alone (Klein-Tasman et al., 2009).
Although social difﬁculties inWS have been well-documented,
ﬁndings of investigations into cognitive processes related to social
functioning in WS have been inconsistent and inconclusive. For
example, ﬁndings in the area of face processing are mixed, with
some studies concluding that individuals with WS use unique
strategies to process faces (Deruelle et al., 1999; Gagliardi et al.,
2003), while others ﬁnd contradictory support for the use of
typical strategies (Tager-Flusberg et al., 2003). Similarly, ﬁndings
related to eye movement patterns while visually processing faces
differ depending on the speciﬁc aspect investigated. After initially
ﬁxating in a typical fashion, individuals with WS demonstrate
a decreased ability to disengage attention and spend more time
looking at faces when compared to healthy controls (Riby and
Hancock, 2008, 2009a). Interestingly, this difference in gaze pat-
terns was observed when stimuli were static, but not when they
wereactive(RibyandHancock,2009b),demonstratingtheimpor-
tance of stimulus choice. Despite a tendency to look longer at
faces,individualswithWSdemonstratedecreasedphysicalarousal
whileviewingfaceswhencomparedtotypicallydevelopinggroups
(Doherty-Sneddon et al., 2009). This is consistent with a comple-
mentary ﬁnding in which individuals with WS were reported to
perceive physical situations as more threatening than social situa-
tions (Dodd and Porter,2010). Investigations into theory of mind
abilities in WS do not yield straightforward ﬁndings. Adults with
WS seem to outperform individuals with other developmental
delaysonsometasks(Karmiloff-Smithetal.,1995;Tager-Flusberg
et al., 1998), while children perform both similarly to and worse
than comparison groups on others (Tager-Flusberg and Sullivan,
2000). Generally, people with WS have difﬁculties on these social
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cognitive tasks in comparison to TD controls, but it is unclear
whether these difﬁculties are above and beyond what would be
expected based on intellectual disability alone.
Taskvariabilityanddiversityof contrastgroupsmaycontribute
to the disparate ﬁndings in the literature, but it is clear from the
discrepancies across studies that ﬁndings about social cognition
in WS do not paint a straightforward picture. As is the case for
both cognitive functioning and medical ﬁndings (Morris et al.,
1988), there appears to be considerable variability in reciprocal
social functioning within the WS population, with some, but not
all individuals with WS demonstrating elevated social reciprocity
difﬁculties. For example,Klein-Tasman et al. (2007) reported that
half the children in their sample had elevated levels of social reci-
procity difﬁculties, while half either showed very subtle social
reciprocity difﬁculties or did not show any clear social reciprocity
difﬁculties.Thepictureisfurthercomplicatedbythelackofstudies
investigating the concordance between caregiver-reported behav-
ior in everyday contexts and performance on tasks completed
in a structured laboratory setting. Generally, studies have used
either questionnaire or observational/experimental methodolo-
gies,rather than combining these approaches. Consistent ﬁndings
acrossmeasuresalsoconstitutewithin-studyreplicationsof obser-
vations and build conﬁdence in the reliability and validity of
ﬁndings. Investigations examining the convergence between mul-
tiple methods of assessing a speciﬁc phenomenon contribute to
theecologicalvalidityofresearchconclusions.Finally,thisresearch
contributestotheliteratureexploringpotentialsocialinformation
processing mechanisms for the social difﬁculties observed in chil-
dren with WS; such studies of this nature may reveal target areas
for intervention.
One measure of social information processing that has been
used in the ASD literature but has not yet been used with chil-
dren with WS is the Social Attribution Task (SAT; Klin, 2000).
This task, adapted from Heider and Simmel’s (1944) silent movie
in which geometric shapes enact a social scene,measures the abil-
ity to attribute social meaning to a visually presented ambiguous
animation. This task calls for inference of emotions, intentions,
the nature of interpersonal interactions,and outcomes of interac-
tions by anthropomorphizing the stimuli and reading non-verbal
social cues. In Heider and Simmel’s (1944) original description,
they reported that all but one of the typically developing indi-
viduals who completed the task attributed human behaviors and
emotions to the stimuli. Klin’s coding scheme uses a number
of indices, which are combined in order to provide a picture of
broad social cognition (Klin, 2000, p. 836). More recent research
using typically developing samples showed that completion of
the SAT activated brain regions commonly implicated in social
information processing (Schultz et al., 2003). In clinical samples,
performance on the SAT was able to discriminate populations
with documented social difﬁculties (i.e., ASDs and Prader-Willi
Syndrome, PWS) from those without social impairments (Klin,
2000; Koenig et al., 2004; Klin and Jones, 2006). The video was
describedas“moremeaningfultothenormalcontrolgroup,allow-
ing [them] to generate fairly elaborated and lengthier social plots”
(Klin, 2000, p. 839). These ﬁndings indicate that the SAT is an
effective measure of social cognition,or more speciﬁcally the abil-
ity to attribute social meaning, including inference of common
social interaction patterns and emotions,to seemingly ambiguous
stimuli. Together these ﬁndings imply that this measure may be
usefultofurtherunderstandingsocialcognitivefunctioninginWS
as well.
The current study sought to address gaps in the literature by
examining the relations between social cognition and parent rat-
ingsof socialreciprocityandsocialcommunication.Parentreport
of reciprocal social behaviors outside the laboratory setting was
collected and individuals completed a lab-based measure of social
information processing,the SAT (Klin,2000). Parent ratings were
related to performance on the SAT in order to investigate the
concordance across measurement methodologies and to point to
potential social information processing difﬁculties that may con-
tribute to social reciprocity difﬁculties. The SAT has previously
been used in individuals with ASD and was chosen based on the
existing literature demonstrating its ability to differentiate clinical
samples from one another (Klin, 2000; Koenig et al., 2004; Klin
and Jones, 2006; see Materials and Methods for a more in-depth
discussion),aswellasitsrelationtoactivationintypicallydevelop-
ing individuals of brain areas related to social cognitive processes
(Schultz et al., 2003). We hypothesized that socio-communicative
difﬁculties reported by parents would be associated with greater
atypical social cognition, and weaker cognitive ability, especially
verbal ability,would be associated with greater difﬁculty complet-
ing a laboratory based task of social cognition.We also considered
thepossibilitythat,giventheintellectualdisabilitycommonlyseen
inWS,additionalstructureandsupportwhencompletingtheSAT,
intheformof directquestioning,couldbebeneﬁcial.Wetherefore
created a direct measure of improvement within the SAT cod-
ing procedure, the Improvement Index, to quantify the difference
in the quality of the narratives produced with prompting from
thoseproducedspontaneously.Usingthisindex(furtherdescribed
later),exploratory analyses of the role of additional scaffolding on
social attributions were conducted and related to overall intellec-
tual functioning in order to further explore the role that cognitive
abilities played in completion of the SAT.
MATERIALS AND METHODS
PARTICIPANTS
The sample included 24 children with WS between the ages of
8years 1month and 15years 9months (M D12years 5months,
SDD2years 8months; 12 male, 12 female). Twenty-three female
caregivers (22 mothers and 1 grandmother) and 1 father com-
pleted the questionnaires. Participants were recruited to partici-
pate in a study of cognitive and psychosocial functioning during
the transition to adolescence. Participants were recruited by mail-
ing ﬂiers to families with children in the target age range through
the Williams Syndrome Association, and by placing a description
of the study in the registration materials at the National Williams
Syndrome Convention. Note that this sample is a subset of the
sample reported in Klein-Tasman et al. (2011).
MATERIALS
Standardized intelligence measure
Kaufman brief intelligence test, 2nd edition (KBIT-2). The
KBIT-2 is a standardized measure of verbal and non-verbal
intelligence for use with individuals ages 4–90years. The verbal
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intelligence scale (VIQ), which consists of two tasks measuring
receptive and expressive language skills, is a measure of crystal-
lized intelligence; the non-verbal scale (NVIQ), which involves
solving visual puzzles, is a measure of ﬂuid intelligence (Kauf-
man and Kaufman, 2004). Not only is this instrument one of the
most commonly used brief estimates of intelligence, its use with
individuals with WS is common as it does not include a spatial
component, a set of skills that are often impaired in this popula-
tionandthereforedisproportionatelyaffectsIQestimates(Mervis
et al., 1999).
Experimental measure
SocialAttributionTask. TheSATisalab-basedmeasureof social
cognition utilizing ambiguous visual stimuli (Klin, 2000). Com-
pleting the SAT involves watching a silent video display, approx-
imately 50s long, two times through and providing a narrative
summarizingthevideo.Theindividualisthenshownshorterclips
of the 50-s video and asked to narrate the clips separately. Finally,
the individual is asked speciﬁc questions about the video. The
ambiguous stimuli in the video are shapes (a small circle, a small
triangle,andalargetriangle)withnofacesorotherfeaturessimilar
tohumansorotheranimals.Theseshapesmovearoundthescreen
throughoutthedurationof thevideo.Amoredetaileddescription
of instructions and prompts used in the SAT administration is
included in the Section“Procedure.”
Parent report measures
Social communication questionnaire (SCQ). The SCQ is a 40-
item parent questionnaire for use with children ages 4 and older.
The responses that caregivers provide about their children’s social
communication behaviors yield a total score. Scores above 15
pointsindicatesocial-communicationdifﬁcultiesthatwarrantfur-
ther assessment for the presence of an ASD. This questionnaire is
meant to serve as an efﬁcient method of identifying children with
communication and social delays (Rutter et al., 2003).
Social reciprocity scale (SRS). The SRS is a 65-item parent ques-
tionnaire for use with children ages 4–18years used to explore
symptoms of ASDs, including difﬁculties in interpersonal rela-
tionships, communication, and repetitive/stereotypic behaviors.
Not only is the identiﬁcation of these symptoms useful when
screening for ASDs in particular,but can also be helpful in identi-
fying individuals with problem behaviors in these domains that
are at subthreshold levels. The responses that caregivers pro-
vided about their children’s social reciprocity behaviors yielded
T-scores on various scales of the SRS. These include the Social
Awareness,SocialCognition,SocialCommunication,SocialMoti-
vation, and Autistic Mannerisms scales, as well as an overall total
score.T-scoresbelow60indicatenoclinicallysigniﬁcantconcerns
in social reciprocity behaviors; T-scores of 60–75 indicate social
reciprocity difﬁculties that are in the mild to moderate range; T-
scores greater than 76 indicate severe levels of social reciprocity
difﬁculties (Constantino and Gruber, 2005).
PROCEDURE
DATA COLLECTION
Children participated either at the Child Neurodevelopment
Research Lab (CNRL) at the University of Wisconsin, Milwaukee,
in a quiet location at their homes, or in a quiet location at a
Williams Syndrome Association Bi-Annual Meeting. All children
were administered a battery of assessment measures, including a
standardized measure of intelligence (KBIT-2) and other stan-
dardized and lab-based measures, including the SAT, over the
course of an approximately 2h long session. Parents of children
completedquestionnairesandinterviewsregardinganxietysymp-
toms and adaptive functioning either in a separate room or at
a different time. All components of the child assessment were
videotaped to review the procedure and allow for transcription
of responses to the SAT.
SAT administration and coding procedures
AdministrationandsubsequentcodingproceduresfortheSATfol-
lowed those described by Klin’s (2000). All administrations of the
SAT were initially transcribed from videotape by an undergradu-
ateresearchassistantintheCNRLandthenreviewedbytheauthor
for accuracy. The ﬁrst author and two research assistants ini-
tially coded four administrations and agreement between coders
was measured using correlational statistics. Disagreements were
discussed in order to improve reliability. Another four adminis-
trationswerethencodedandagreementbetweencoderswasmea-
sured. At this point, agreement was acceptable (Pertinence Index
r D0.913, Salience Index r D0.866, Theory of Mind Cognition
Index r D0.980, Theory of Mind Affect Index r D0.908, Anima-
tionIndexr D0.718,ProblemSolvingAIndexr D0.982,Problem
Solving B Index r D0.967, Improvement Index r D0.993). The
ﬁrst author then coded all transcripts and the two research assis-
tants each coded a portion of the transcripts, resulting in each
administration being coded twice. Consensus coding was then
conducted in order to resolve any disagreements and arrive at a
single value for each index.
The Salience, Pertinence, and Animation indices, as well as the
Theory of Mind Cognition and Affect indices were coded. See
Table 1 for a brief overview of coding procedures information.
The Salience Index is a reﬂection of the individual’s ability to
make a coherent social story from visual information that ﬁts
in with what the majority of other individuals see in the same
task. It serves as an estimation of the individual’s overall ability to
view the ambiguous stimuli and extract social information from
what they see. In a real world setting, this would be similar to a
situation in which an individual must make decisions about the
behaviors of others and determine their meaning within a social
context. The Pertinence Index is a measure of an individual’s abil-
itytomakeattributionsthatreﬂectrelevancetotheviewedstimuli.
It is an estimation of the individual’s ability to view stimuli and
extractrelevantinformation;thisabilityrelatestorealworldsocial
functioning, in which individuals need to determine exactly what
information is socially relevant. The Animation Index is similar
to a summary measure of social attribution; it reﬂects an estima-
tion of the individual’s overall level of social cognitive ability. Two
Theory of Mind indices,Cognition and Affect,were also included
in this investigation. These indices measure the frequency of ref-
erences to cognitive or affective mental states, reﬂecting attention
to the thoughts and feelings of others, a critical component when
discussing the construct of theory of mind and understanding the
nature of social interactions in general.
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Table 1 | Overview of coding procedures.
Index Narratives Description Measurement
Pertinence 1–7 Ratio of non-pertinent statements to total propositions 0.00–1.00
Salience 1–7 Percentage of correctly identiﬁed story elements out of 20 salient story elements %
Theory of mind – cognitive 1–7 Ratio of number of statements indicating thinking, planning, or intentionality to total
propositions
0.00–1.00
Theory of mind – affective 1–7 Ratio of number of statements indicating feeling states to total propositions 0.00–1.00
Animation 1–7 Ordinal rating of sophistication of social cognition 0–6
Problem solving 11–17 Percentage of questions answered correctly %
Adapted from Koenig et al. (2004).
In addition to these indices, reported in Klin’s original investi-
gation, a novel index, the Improvement index was also coded to
investigatetheeffectofprovidinggreaterstructureduringcomple-
tionof theSAT.SATadministrationguidelinesinvolveﬁrsthaving
the respondent describe what is seen with minimal prompts, and
later speciﬁc prompts are provided to elicit elaboration. Arriving
at a score for the Improvement index involves coding the Problem
Solving index twice. The ﬁrst time it is scored using the sponta-
neous answers the individual provides to open-ended questions
during the initial administration of the SAT. It is then scored
againusingtheanswerstherespondentprovidesinresponsetothe
moredirectedquestionstheexaminerasks.Forexample,whenﬁrst
completing the administration, the examiner simply asks “What
happened here?”after each clip is shown. However, when speciﬁc
instructions are given, the examiner says, “Now let’s say that the
bigtriangle,thesmalltriangle,andthecirclearepeople.Whatkind
of person is the big triangle? the small triangle? the circle?” The
difference in the number of “correct”answers the individual pro-
videsinthesetwosituationsisthenthescorefortheImprovement
index.
RESULTS
All analyses were conducted using SPSS computing software. Sig-
niﬁcancetestswere2-tailed.Itshouldbenotedthatall24children
completed the intelligence measure and the SAT, while 21 had
parent questionnaire data. All available data were used for each
analysis.
INTELLECTUAL ABILITIES
The average overall IQ composite standard score, as mea-
sured with the KBIT-II, was 65.71 (SDD11.99), with ver-
bal and non-verbal IQ not signiﬁcantly different from one
another (M D73.08, SDD11.96 and M D66.29, SDD13.56,
respectively). These results indicate that, on average, the cur-
rent sample’s intellectual functioning is falling in the mildly
impaired range, which is consistent with the level of func-
tioning and range seen in individuals with WS in other stud-
ies.
SOCIAL RECIPROCITY
Average T-scores and SDs for each domains are reported in
Table 2. The number of children with T-scores falling within
different classiﬁcations on the various domains is reported in
Figure 1. The pattern of results indicates that on average, the
Table 2 | Parent-reported social reciprocity skills.
SRS domain MeanT-score SD
Social awareness 64.48 11.17
Social cognition 76.05 11.29
Social communication 66.86 10.55
Social motivation 55.24 15.92
Autistic mannerisms 75.05 15.10
Total score 70.24 11.17
FIGURE 1 | Percent of participants falling in the average,
mild/moderate, and severe ranges on the social responsiveness scale
parent report measure (number of participants indicated).
children in this sample had mild to moderately elevated total
scores, with the most severe difﬁculties in the area of Social Cog-
nition and average range scores in the Social Motivation domain.
Further discussion of these ﬁndings, demonstrating clear social
reciprocity difﬁculties and good concordance between parent and
teacher ratings, can be found in a separate publication from our
lab (Klein-Tasman et al., 2011).
SOCIAL COMMUNICATION
The average score on the SCQ in this population was 11.75
(SDD6.39);however,whatismoremeaningfulwheninterpreting
thisparticularquestionnaireisthenumberof childrenwhometor
exceededthecutoff scoreof 15andtherelationshipbetweenmeet-
ingthiscutoff andSATperformance.Thedistributionof scoreson
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theSCQwascontinuous.Inthissample,sevenchildren(35%)met
or exceeded the cutoff score,which indicates a need for additional
screening for ASDs.
SOCIAL COGNITION
Mean scores for each of the indices of the SAT are reported in
Table 3. Normative data are not available. The mean number of
propositions spontaneously supplied in Narratives 1 through 7
was 20.71 (SDD9.72). This number is generally similar to those
reported in previous studies using clinical samples (Klin, 2000;
Koenigetal.,2004).Table4providesexamples of differentquality
narratives supplied by participants in the current study.
RELATIONS BETWEEN SCQ AND SRS
Statistically signiﬁcant and strong correlations were found
between the total score of the SCQ and all domains of the SRS
(Social Awareness r D0.768,p <0.01; Social Cognition r D0.707,
p <0.01; Social Communication r D0.652, p <0.01; Autistic
Mannerisms r D0.702, p <0.01; total r D0.837, p <0.01), with
the exception of the Social Motivation domain (r D0.375, ns).
Given the outgoing nature of individuals with WS, as well as
previous ﬁndings that individuals with WS do not have dif-
ﬁculty in the social motivation domain (Klein-Tasman et al.,
2011), a weak correlation between the total score of the SCQ
and the Social Motivation domain of the SRS was not unex-
pected.
Table 3 | SocialAttributionTask (SAT) index scores.
SAT index Mean SD
Pertinence 0.36 0.30
Salience 3.33 2.62
Theory of mind – cognitive 0.06 0.12
Theory of mind – affect 0.03 0.06
Animation 1.46 0.72
Problem solving 0.21 0.19
Improvement 2.13 1.87
RELATIONS BETWEEN PERFORMANCE ON THE SAT AND
INTELLECTUAL FUNCTIONING
Signiﬁcant relations were found for the Pertinence index and
VIQ (r D 0.437, p <0.05) and the Problem Solving index
and VIQ (r D0.446, p <0.05), NVIQ (r D0.416, p <0.05), and
IQ composite score (r D0.544, p <0.05). The Improvement
index was also signiﬁcantly related to VIQ (r D0.398, p <0.05),
NVIQ (r D0.578, p <0.01), and IQ composite score (r D0.628,
p <0.001). There were no signiﬁcant relations found for the
Salience, Theory of Mind: Cognition, Theory of Mind: Affect, or
Animation indices and score on the KBIT-II.
RELATIONS BETWEEN PERFORMANCE ON THE SAT AND AGE
There was a signiﬁcant relation between age and performance
on the Salience (r D0.403, p <0.05), Theory of Mind: Affect
(r D0.402, p <0.05), and Problem Solving (r D0.448, p <0.05)
indices.Therewasnosigniﬁcantrelationbetweentheageatwhich
the SAT was administered and performance on the Pertinence,
Theory of Mind: Cognition,Animation,or Improvement indices.
RELATIONS BETWEEN PERFORMANCE ON THE SAT AND
PARENT-REPORTED SOCIAL RECIPROCITY
SigniﬁcantrelationsbetweenindicesandT-scoresonthedomains
of the SRS are reported in Table 5. All signiﬁcant relations were
negative, indicating that as scores on the SRS increased (sugges-
tive of greater difﬁculty), scores on the SAT decreased (suggestive
of greater difﬁculty). Scores on the Theory of Mind: Cognition
Index were related to the Autistic Mannerisms scale. Scores on
the Salience Index were signiﬁcantly correlated with the Social
Cognition, Social Communication, Social Motivation, and Autis-
tic Mannerisms scales, as well as the overall total score. Scores
on theAnimation index were related to the SocialAwareness scale
andtheSRSTotalscore.ScoresontheProblemSolvingIndexwere
signiﬁcantlycorrelatedwiththeSocialAwareness,SocialCommu-
nication, and Autistic Mannerisms domain scores and the total
score. Finally,scores on the Improvement Index were signiﬁcantly
related to the Social Awareness domain score. There were no sig-
niﬁcant relations found for the Pertinence and Theory of Mind:
Affect indices of the SAT and any of the scales of the SRS.
Table 4 | Sample narratives.
Higher quality narratives The smaller triangle and the circle came and went inside and was having fun and the triangle went out and was playing tag
with the smaller one and then the circle kind of shut the door and the little one opened it and then the other one was still
outside having fun and then the smaller circle and then the smaller triangle went out and the bigger triangle shut the box and
destroyed it.
What happened was like that triangle went through the triangle, I mean the square, and up:::and all of the sudden the circle
ﬁnally came in and closed the door on him and the triangle was stuck for a minute and the triangle got out and the triangle
friend came in:::so they were um both in the house and the triangle went out and slammed the door behind him so they were
looking for each other and stuff and they came around and like together like walking and all of a sudden the triangle starts to
chase him so the triangle and the circle go running across the screen and out of the picture and the triangle messes up the
square kind of and that was it.
Lower quality narratives I saw a circle, a square and a triangle. Sometimes umm the triangle will umm bump into another triangle and then sometimes
the circle would bump into the triangle and sometimes the square would open and close and then umm at the end I saw two
lines and that’s it.
:::the big triangle chased the little triangle and the little ball goes there and then the triangle chased the triangle and the ball
and then they went back that way and then went plew, right through it and that was it.
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Table 5 | Correlations between SAT performance and parent-reported social reciprocity skills.
SAT index Social responsiveness scale domain
Social
awareness
Social
cognition
Social
communication
Social
motivation
Autistic
mannerisms
Total score
Pertinence 0.383 0.269 0.375 0.238 0.197 0.377
Salience  0.342  0.636**  0.615**  0.466*  0.534**  0.640**
Theory of mind – cognition  0.143  0.102  0.191  0.206  0.432*  0.268
Theory of mind – affect 0.059  0.374  0.300  0.194  0.381  0.226
Animation  0.459*  0.269  0.339  0.299  0.528**  0.492*
Problem solving  0.624**  0.365  0.487*  0.249  0.514*  0.547**
Improvement  0.480*  0.100  0.225  0.108  0.259  0.272
p<0.05.
p<0.01.
Given the signiﬁcant relations with intellectual function-
ing, partial correlations to examine the relationships between
SAT indices and the SRS taking into account KBIT-2 IQ were
conducted. Signiﬁcant negative relationships remained between
performance on the Salience index and the Social Cogni-
tion (r D 0.613, p <0.01), Social Communication (r D 0.561,
p <0.01), Social Motivation (r D 0.458, p <0.05), and Autis-
tic Mannerisms scales (r D 0.528, p <0.01) and the SRS total
score (r D 0.602, p <0.01). Negative relationships between the
Animation index and the Autistic Mannerisms scale (r D 0.515,
p <0.05) and the Problem Solving Index and the Social Aware-
ness(r D 0.490,p <0.05)andAutisticMannerisms(r D 0.479,
p <0.05) scales remained signiﬁcant as well.
RELATIONS BETWEEN PERFORMANCE ON THE SAT AND
PARENT-REPORTED IMPAIRMENTS ON A SCREENING MEASURE FOR
ASD
Signiﬁcant relations were found for the Salience Index and
total score of the SCQ (r D 0.457, p <0.05), as well as the
Animation Index and total score on the SCQ (r D 0.493,
p <0.05) and classiﬁcation on the SCQ (r D 0.495, p <0.05).
The Problem Solving index was also signiﬁcantly related to
total score on the SCQ (r D 0.596, p <0.05) and classiﬁca-
tion on the SCQ (r D 0.480, p <0.05). There were no sig-
niﬁcant relations found for the Pertinence, Theory of Mind
Cognition, Theory of Mind Affect, or Improvement indices of
the SAT and score on the SCQ. When intellectual function-
ing was taken into account using partial correlations, signiﬁ-
cant relations between SCQ classiﬁcation and the Animation
index (r D 0.455, p <0.05) and the Problem Solving index
(r D 0.477, p <0.05) remained. The negative direction of these
relationships indicates that as scores on the SCQ increase, reﬂect-
ing greater difﬁculty, scores on the SAT decrease, also reﬂecting
greater difﬁculty.
CHANGE IN SAT PERFORMANCE WITH THE ADDITION OF SPECIFIC
INSTRUCTIONS
Participants were ﬁrst asked to describe the scenes in the video
without speciﬁc instructions; on average, only 4.17% of the “tar-
get”answerswerespontaneouslyprovidedduringthesenarratives.
However, when the participants were given instructions as to
how to view the stimuli, 21.25% of the “target” answers were
provided. These instructions included directions as to how to
view the shapes in the video (i.e., as people) and how to inter-
pret the interactions they had (see Klin, 2000 for speciﬁc ques-
tions). In other words, when the individuals in this sample
were provided with the additional speciﬁc instructions that are
part of the SAT administration process about how to interpret
the traits and actions of the previously ambiguous stimuli as
socially meaningful, there was a signiﬁcant change in the qual-
ity of the narratives they were able to provide [t(23)D4.833,
p <0.005]. This improvement that was seen with the additional
scaffolding was signiﬁcantly related to overall level of intel-
lectual functioning (r D0.628, p <0.01), such that those with
stronger intellectual functioning showed larger improvements
with scaffolding.
DISCUSSION
Both questionnaire and laboratory based studies have revealed
difﬁculties in social reciprocity in children and adults with WS.
However, few studies have used multiple converging measures
in the same individuals to evaluate the relationship between
informant report and observable behaviors seen in a laboratory
setting and to explore the social information processing difﬁ-
culties that may contribute to social reciprocity challenges. The
goal of the current study was to carry out such an examination
using a lab-based measure of social cognition and intellectual and
parent-rated socio-communicative and social reciprocity func-
tioning in children with WS. As hypothesized, results indicated
a signiﬁcant relationship between directly measured social pro-
cessing abilities and reciprocal social behaviors in WS children
as rated by parents. Intellectual functioning and social cogni-
tion were also found to be signiﬁcantly related, however the
modest strength of this relationship suggested that intellectual
functioning alone does not explain SAT performance. Further-
more, signiﬁcant relationships between social processing and
reciprocal social behaviors remained after accounting for intel-
lectual ability, suggesting that difﬁculties in social cognition have
a unique role in the social reciprocity difﬁculties of individuals
with WS.
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RELATIONS BETWEEN SOCIAL COGNITION AND PARENT-REPORTED
BEHAVIOR
Individuals with WS who were more adept at making social attri-
butions were also rated higher in terms of parent-reported social
reciprocityskills,motivationtoengageinsocialactivities,theabil-
ity to interpret social cues in the world,and the level of expressive
social communication. Similarly, individuals with WS who pro-
vided answers that were more consistent with those provided by
typically developing adolescents and adults (as reﬂected by higher
ratingsontheProblemSolvingindex)wereratedasmoreawareof
social cues in the real world. Essentially,individuals with WS who
made more appropriate social attributions in this lab-based task
were also rated by their parents as more socially aware and com-
petentintheirdailylives.Thisrelationshipisfurthersupportedby
the ﬁndings of a strong correlation between the two parent report
measures used and their similar relationship to the SAT. Speciﬁ-
cally,bothSCQandSRSscoreswerecorrelatedwiththeAnimation
andProblemSolvingindicesof theSAT,whicharebothreﬂections
of common social interpretations of the ambiguous scenes.
Aspastreportshaveindicated,aproportionof individualswith
WS have an interest in others while simultaneously lacking the
appropriate skills necessary to sustain interactions and form last-
ing relationships (Davies et al., 1998; Laws and Bishop, 2004).
The consistency and pervasiveness of this difﬁculty with relation-
ships is actually one of the most frequently reported concerns
of caregivers (Udwin, 1990). Based on studies using question-
naires or lab-based measures separately,individuals withWS have
difﬁculty comprehending environmental cues that are important
to social functioning, such as non-verbal aspects of language, or
pragmatics (Philofsky et al., 2007) and perspective taking (Fidler
et al.,2007). Klein-Tasman et al. (2011) found that while children
with WS were reported to have social reciprocity difﬁculties, they
were more related to difﬁculties in social cognition than in social
motivation. These difﬁculties likely contribute to the decreased
ability to establish andmaintain meaningful relationships,despite
superﬁciallyaverageovertsocialinitiationskills.Theresultsof the
current study support the assertion that individuals with more
pronounced social difﬁculties as reported by caregiver question-
naire are also more likely to have difﬁculties picking up on the
typicalsocialinformationrelevanttosocialscenes,suchasthevar-
ious roles played by those participating in an interaction, the
potential feelings and subsequent motivations for actions,and the
consequences of those actions. When people withWS do not pick
upontheseaspectsofothers’socialbehavior,thislikelycontributes
to difﬁculties with successful social interactions.
FACILITATIVE EFFECTS OF ADDITIONAL STRUCTURE
An additional exploratory aim was to examine the effect of addi-
tional structure on social attributions made by the participants.
The vast majority of participants in this study were unable to pro-
ducenarrativesthatspontaneouslycorrectlyansweredevenoneof
the obvious questions related to the stimuli. However,when asked
directlyabouttheseaspects,participantsweremoreabletoprovide
answers that were consistent with previously identiﬁed normative
answers (Klin, 2000). Moreover, the beneﬁcial effects of speciﬁc
questioningweremorepronouncedforparticipantswithstronger
intellectual functioning. The additional structure provided by
asking speciﬁc questions is similar to the concept of scaffolding,
a metaphor ﬁrst discussed at length by Wood et al. (1976). Simi-
larlytoVygotsky’szoneofproximaldevelopment(Vygotsky,1978),
scaffolding refers to the structure and additional instruction that
parents, teachers, and other caregivers provide when children are
attempting to complete a task with components that are not yet at
the level of mastery (Stone, 1998). The beneﬁts of scaffolding for
both typically developing children and those with developmen-
tal delays are widely acknowledged and studied. Speciﬁcally, the
use of scaffolding has been shown to aid children with delays in
the acquisition of language (Kirchner, 1991), the development of
social skills (Baker et al., 2007), and in improving reading com-
prehension abilities (Dieterich et al., 2006). The current study,
which includes participants with mild to moderate intellectual
impairments,demonstratestheaddedbeneﬁtsofscaffoldingwhile
completingasocialcognitiveactivity.Asigniﬁcantlygreaternum-
ber of target responses were produced when the participants were
given more explicit instructions about how to view the stimuli.
Given the importance of effective scaffolding, parent-training
programs for children with developmental delays could focus on
ways in which to structure the environment to ensure consistent
skillacquisition.Thebeneﬁtsof scaffoldinginthecurrentstudyﬁt
with these ﬁndings and may suggest that these types of interven-
tions and additional structure may provide some individuals with
WS (i.e., those with less severe cognitive impairments) with the
additional resources needed to more effectively interpret ambigu-
ous social stimuli and gain skills in social reciprocity. It appears
as though the children in the current study with more severe
intellectual impairments do not beneﬁt from the additional struc-
ture provided; it is possible that the ambiguous stimuli,which are
shapes that do not physically resemble humans or animals, were
simply too abstract for them. These limitations to the beneﬁt of
scaffolding are important to keep in mind; interventions using
more abstract materials may not in fact be beneﬁcial even with
additional structure.
LIMITATIONS AND FUTURE DIRECTIONS
The current study represents the ﬁrst investigation into the per-
formance of individuals withWS on the SAT,a lab-based measure
of social cognition and attribution, and relations to behavioral
and intellectual characteristics. Although a typically developing
control group was not included,results revealed a number of rela-
tionships between social cognition abilities and parent-reported
behavior. The inclusion of control groups in future investigations
would allow for exploration of questions related to the develop-
mental trajectories (i.e., delay or deviance) of social cognition in
WSandfurtherexplorethepotentialinﬂuenceofintellectualfunc-
tioning. In particular, a contrast group of individuals with ASDs
would allow for comparisons to a population with documented
andconsistentdifﬁcultiesinsocialcognitiveandsocialreciprocity
skills.AswasdemonstratedinpreviousstudiesusingtheSAT(Klin,
2000; Koenig et al., 2004; Klin and Jones, 2006), individuals with
ASDs have difﬁculty completing the task in comparison to both
typical and clinical control groups, demonstrating an underly-
ing difﬁculty in social cognitive processing. Direct comparisons
to children with ASD would allow for further speciﬁcation of the
aspects of reciprocal social interaction difﬁculties that are also
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shared by individuals with WS, and those aspects that appear to
be less commonly seen in WS and differentiate WS from ASD.
Regardless of the relations found, these types of investigations
would provide a better understanding of the social cognitive dif-
ﬁculties that relate to the observable social difﬁculties in these
two clinical populations and may even play a role in determin-
ing the presence of a comorbid ASD in individuals with WS. In
addition, other contributors to performance on the SAT warrant
examination.Forexample,itispossiblethatadditionalpersonality
character traits,such as empathy and emotional responsivity,may
contribute to SAT performance for children with WS.
The SAT was used as a way to add to the literature about social
cognition in WS, and we have made some attempt to elucidate
aspects of social cognition that are likely measured by the SAT.
However, as is the case for other studies of social cognition, the
currentstudyissomewhatlimitedbyalackof aunifyingtheoryas
towhatspeciﬁccomponentscontributetoskillsthatfallunderthe
umbrella term“social cognition.”Emotion recognition, face pro-
cessing,empathy,and theory of mind abilities are just a few of the
possible contributors to social information processing; a number
of additional processes, including understanding of ambiguous
social dynamics, also likely playing a part in social cognition and
should be considered. The ﬁeld would beneﬁt from a well-deﬁned
andclearlyoutlinedtheoryofsocialcognitionthatwouldallowfor
futurestudiestomoreexplicitlyexploremechanismsof reciprocal
social behaviors and models of the relations among the various
facets of social cognition.
The present study demonstrated relationships between the
performance of individuals with WS on a lab-based mea-
sure of social cognition and various parent-reported socio-
communicative abilities, as well as cognitive functioning. The
signiﬁcant relations observed point to underlying social cogni-
tive processing difﬁculties that may contribute to social reci-
procity behaviors observed in the natural setting outside of
the laboratory, even once variability in intellectual function-
ing is taken into account. In addition, the results provide evi-
dence that additional structure and support can potentially
help individuals with WS, particularly those with stronger intel-
lectual functioning, more effectively process social informa-
tion. Further study of social information processing difﬁcul-
ties underlying the social reciprocity limitations of individu-
als with WS is warranted to point toward targets for effective
intervention.
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